A review of the epidemiology of invasive pneumococcal disease in Scotland was carried out using data from laboratory-based systems during the period 1988-99. This comprised 5456 (90n8 %) isolates of Streptococcus pneumoniae from blood, 467 (7n8 %) from cerebrospinal fluid (CSF) and 84 (1n4 %) from other sterile sites. The mean annual incidence of invasive disease was 9n8\10& population (9n0\10& for bacteraemia and 0n8\10& for meningitis). Invasive disease was highest in children 2 years of age and in the elderly 65 years (44n9\10& and 28n4\10& population in these age groups respectively). The highest incidence of pneumococcal meningitis, 11n8\10& persons occurred in children 2 years of age. Males had a higher incidence of pneumococcal bacteraemia and meningitis than females (male : female l 1n2 : 1 for bacteraemia (RR l 1n17, 95 % CI 1n11, 1n24) and 1n5 : 1 for meningitis (RR l 1n41, 95 % CI 1n18, 1n70)). Pneumococcal disease was highest in winter periods and coincided with influenza activity. The proportion of penicillin and erythromycin non-susceptible isolates increased from 4n2 % in 1992 to 12n6 % in 1999 and from 5n6 % in 1994 to 16n3 % in 1999 respectively. Our data confirm the substantial and increasing disease burden from pneumococcal disease and rise in prevalence of antibiotic non-susceptibility among pneumococci in Scotland. Continued surveillance of groups at increased risk for pneumococcal disease and the antibiotic susceptibility and serotype distribution of isolates are important to develop appropriate policies for the prevention of pneumococcal disease in Scotland.
INTRODUCTION
Streptococcus pneumoniae is one of the leading causes of bacteraemia and meningitis in the United Kingdom. The incidence of invasive pneumococcal disease is greatest in young children, the elderly and persons with underlying medical conditions which place them at increased risk [1] . Despite the use of appropriate antimicrobial agents, case fatality rates of 12-38 % logical characteristics of invasive pneumococcal disease. These data should inform future vaccination policy in Scotland.
Background and study data
Analyses were performed on a combined dataset from the Scottish Centre for Infection and Environmental Health (SCIEH) and Scottish Meningococcus and Pneumococcus Reference Laboratory (SMPRL). Detailed background information was given in a previous report [7] which documented the serotypes\groups distribution and coverage of polysaccharide and conjugate vaccines in different age groups. Information on antibiotic prescriptions for penicillin and erythromycin in Scotland between 1992 and 1999 was obtained from the Primary Care Unit, Information and Statistics Division of the NHS in Scotland. Pneumococcal isolates that had minimal inhibitory concentration (MIC) values to penicillin 0n06 µg\ ml, between 0n12 and 1n0 µg\ml and 2n0 µg\ml or higher were defined as susceptible, intermediate resistant and resistant respectively. The latter two categories were considered non-susceptible to penicillin. For erythromycin a single breakpoint concentration (1 µg\ml) was used to differentiate between susceptible and resistant isolates. MICs were determined by a standard agar dilution method (incorporating the antibiotic into agar) from 1992-3 and by the E-test (Cambridge Diagnostics, Cambridge UK) since 1994. A weekly review of laboratory reports is conducted by SCIEH to ensure the accuracy of records of pneumococcal disease. This showed in 1999 over 90 % completeness for both reporting and organism submission for invasive pneumococcal disease. Between 1988 and 1999, the number of laboratories reporting pneumococcal infections to SCIEH and SMPRL increased from 29 to 33 and this increase occurred after 1994. The corresponding denominator population for reporting over this period rose from 5 093 000 to 5 512 000 [8] . The mid-point year (1993) population was used to calculate the age specific incidence rate.
Statistical analysis
Pearson correlation coefficients were used to determine associations between variables using SPSS version 8. Relative risk and corresponding 95 % confidence intervals and the χ# test for trends were calculated using the CIA programme (Gardner SB, Winter PD, Gardner MJ : London, 1991).
RESULTS
A total of 17 781 S. pneumoniae cases were identified in SCIEH and SMPRL databases. After removal of duplicate records, 10 498 cases remained. Of these 6007 were invasive isolates ; 5456 (90n8 %) were from blood, 467 (7n8 %) from CSF and 84 (1n4 %) from other sterile sites.
Invasive pneumococcal isolates by age and sex
Of the 6007 invasive isolates, 2675 (44n5 %), were from the elderly ( 65 years of age) and 734 (12n2 %) were from children 5 years of age, 2186 (36n4 %) were from 6-64 age group and for 412 (6n9 %) the age was unknown. The age range of patients was 0-99 years (median l 63, mean l 54). There were 2758 (45n9%) isolates from females and 3077 (51n2 %) from males. Sex was not recorded in 172 (2n9 %) records. Both the frequency and incidence of pneumococcal bacteraemia and meningitis were higher in males than females. The overall incidence in males and females was 9n4 and 8n1\10& population (male : female l 1n2 : 1) (RR l 1n17, 95 % CI 1n11, 1n24) for bacteraemia and 0n9 and 0n6\10& population (male : female l 1n5 : 1) (RR l 1n41, 95 % CI 1n18, 1n70) for meningitis.
Annual incidence
The mean annual incidence of invasive pneumococcal disease was 9n8\10& population from 1988 to 1999 and a gradual increase was observed over the study period. This was due to an increase in reported bacteraemia from 248 in 1988 to 510 in 1999. No increase in meningitis was noted. Bacteraemia increased in children 5 years of age (26 in 1988 to 66 in 1999) , and the elderly (114 in 1988 to 245 in 1999). In the last 6 years, the incidence of invasive pneumococcal disease has been relatively stable (Fig. 1) . The annual incidences of bacteraemia and meningitis were higher in males than females during the period 1988-99 (except for years 1993 and 1996 for meningitis and 1994 for bacteraemia). Figure 2 shows that the incidence of invasive disease was highest in infants under 2 years of age and the 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 elderly (44n9 and 28n4\10& population respectively). The rate for bacteraemia was 9\10& population in all ages but reached 33n1\10& population in the youngest patients and 27n5\10& population in the oldest. The rise in bacteraemia in the study period was particularly marked in infants (16n9 in 1988 to 47n4\10& population in 1998) and the elderly (14n5 in 1988 to 31n2\10& population in 1999). The rate of meningitis was 0n8\10& population in all ages. The highest incidence (11n8\10& population) was in infants but this was significantly lower (0n4\10& population) in the 2-4 years age group. There was no increase in pneumococcal meningitis over the study period 1988-99 ( Fig. 1 ).
Age specific incidence of disease

Seasonal variation
A significant seasonal variation in pneumococcal disease was observed. Data aggregated in 3-month periods over the study period showed that the number of cases peaked in the first 3 months of the year. This pattern was similar to that for influenza activity reported to SCIEH (Fig. 3) .
Antimicrobial susceptibility
Of the 6007 invasive isolates, 1248 and 1053 were tested for penicillin and erythromycin MIC levels respectively and the great majority of them (87 % and 95 %) were fully susceptible to these antibiotics. Penicillin non-susceptible isolates increased from 1 (4n2 %) in 1992 to 21 (12n6 %) in 1999 (χ# for trend l 11n52, P l 0n0007) (Fig. 4) and erythromycin resistant isolates from 7 (5n6 %) in 1994 to 27 (16n3 %) in 1999 (P l 0n0015). Only 2 cases of penicillin-resistant pneumococci were reported (in 1998).
Antimicrobial susceptibility and antibiotic prescriptions
Scotland is divided geographically into 15 health board areas for administrative purposes. There was some geographical variation in penicillin and erythromycin non-susceptibility patterns of pneumococci (Table 1) . A statistically significant correlation was recorded for penicillin prescription rate and the incidence of non-susceptible isolates in each health board (Pearson correlation, r l 0n52, P l 0n047). No correlation was documented for erythromycin prescription rate and the incidence of erythromycin non-susceptible isolates (r l 0n39, P l 0n157).
DISCUSSION
Contemporary population based data on the age and sex specific incidence of pneumococcal bacteraemia and meningitis in the United Kingdom are scarce. This may in part reflect a poor understanding of the public health burden of invasive pneumococcal disease. This study reports on invasive pneumococcal disease throughout Scotland in the years 1988-99 and is based on a large database of high quality data on pneumococcal isolates reported to SCIEH and SMPRL. Because acceptance criteria for the diagnosis of pneumococcal infections differ widely we included only laboratory confirmed cases of S. pneumoniae recovered from blood, CSF and other sterile sites.
The reported incidence of invasive pneumococcal disease varies widely between countries. Nevetheless, it is universally recognized that the elderly and young children are most at risk of bacteraemia [9] , and those under 2 years, of meningitis [10, 11] . A higher incidence of invasive disease has been reported in native populations in New Zealand [12] , Alaska (US) [13] , Apache (US) [14] , Navajo (US) [15] and Aboriginal (Australia) [16] compared with other population groups in the respective countries. Similarly high rates have been found in young children in Gambia [17, 18] , Israel [19] and Chile [20] . Our data show a greater incidence of invasive pneumococcal disease in males (51 %) than females (46 %). This is consistent with previous studies from the United Kingdom [3] , United States [21] , Europe [22, 23] , and Australian Aboriginals [16] .
We found a twofold increase in incidence of invasive disease in Scotland over the period 1988-99 which is similar to that reported in most studies from the United States and Sweden [24, 25] but is different from Finland in the last decade [22] . In contrast to the twofold annual increase in bacteraemia, there was no increase in pneumococcal meningitis during the study period. The increase in bacteraemia may be an artifact due to an increase in the number of blood cultures taken rather than in disease incidence [26, 27] and changing referral practices by diagnostic laboratories may also have had an influence. Furthermore increased clinical awareness and patterns of investigations may also have affected the earlier rise in incidence. However, the participation of an additional four diagnostic laboratories from 1994 onwards is unlikely to explain most of the observed increase in disease incidence since a clear increased trend was established prior to that year.
Our data may still represent an underestimate of invasive disease since most febrile patients are not routinely tested by blood culture. Blood cultures also lack sensitivity for confirmation of pneumococcal disease [28] as only 10-20 % of blood cultures are reported positive [29] . Although lung aspirates are more sensitive than blood cultures, the technique is not suitable for routine use [30] and may cause adverse effects [31] . Recently, a PCR method to detect pneumococcal DNA in blood has been shown to improve the diagnosis of bacteraemia [32] . The lack of a reliable diagnostic method may therefore contribute to an underestimate of the burden of pneumococcal disease [30] . Moreover, prior to antibiotic treatment blood culture confounds the diagnosis as a study demonstrated that only 5 % of blood cultures were positive in those who had prior antibiotics compared with 19 % in those who did not receive them [33] .
The prevalence of invasive disease was clearly related to season in the present study with the highest reported cases in January-March each year which coincided with the period of peak influenza activity. Previous studies in the United Kingdom [3, 34] , United States [35] and Israel [19] have also shown that pneumococci are isolated more frequently during the winter period. This seasonal increase may be influenced by the coincident circulation of other respiratory viruses as winter is associated with increased respiratory virus activity which has been cited as a risk factor for developing pneumococcal disease [35, 36] . About 50-80 % of pneumococcal pneumonia is thought to be associated with prior occurrence of some form of viral respiratory illness [36] .
In the present study, the proportion of both penicillin and erythromycin non-susceptible isolates increased by threefold. A gradual increase in the prevalence of drug resistance in S. pneumoniae has been documented worldwide [37, 38] . From 1990 to 1998, the PHLS Communicable Disease Surveillance Centre in England and Wales noted an increase from 1 % to 3n6-7n4 % for penicillin resistant isolates and of 5 % to 11 % for erythromycin resistant isolates [39] . In the United States, the level of drug resistant pneumococci increased from 14 % in 1993\4 [40] to 25 % in 1998 [41] . Increased awareness of invasive disease and improved detection of resistant isolates by Invasive pneumococcal disease laboratories may also have contributed to this increase.
Penicillin resistance in isolates has serious implications for the management of invasive pneumococcal disease, particularly for meningitis. The clinical failure of third line generation antibiotics (cefotaxime\ ceftriaxone or other cephalosporins) effective against penicillin-resistant strains has been documented [42, 43] . Experience in the United States demonstrates that outbreaks of pneumococcal meningitis with multidrug resistant strains (serotype 14) can occur [44] and, indeed, invasive pneumococcal disease with penicillinresistant strains has been associated with increased mortality rates [4] and longer periods of hospitalization [2] .
Seroepidemiology data in the United Kingdom shows that the current 23-valent polysaccharide pneumococcal vaccine includes the majority of serotypes\groups that show resistance to many antibiotics [7, 45] . Thus, the increased use of these vaccines may serve to prevent invasive disease due to antimicrobial resistant strains in high-risk individuals. Seven to 11-valent pneumococcal conjugate vaccines have been reported to reduce nasopharyngeal carriage, particularly associated with drug resistant serotypes, in vaccinated children [46] . Our previous report showed that 7 to 11-valent conjugate vaccines cover 94 % of penicillin and 100 % of erythromycin non-susceptible pneumococcal isolates in Scotland [7] . Therefore, the widespread use of conjugate vaccines has the potential to reduce the transmission of drug-resistant pneumococci. A 7-valent conjugate pneumococcal vaccine has been licensed for use in children in the United States. The decision on use of this new vaccine in the UK is expected soon.
We found variation in antibiotic non-susceptibility in different geographic locations in Scotland. The reasons for this may be complex but mobility of the population probably contributed to these differences [41, 47, 48] . Others have shown that the frequency of antibiotic resistant invasive pneumococcal isolates varies within and between countries [37, 38] with reported rates within the United States of 7-25 % to penicillin and 6-15 % to erythromycin [2, [49] [50] [51] . It has been suggested that variation in antibiotic use influences the prevalence of resistant strains of pneumococci in different locations [52] . Other factors such as differences in populations and different study methods may also play a part. Antibiotic prescription data indicated geographical variation in prescription rates for penicillin and erythromycin and a significant correlation with frequencies of antibiotic resistant strains of pneumococci was recorded for penicillin only, not erythromycin.
In conclusion, our data confirm the substantial and increasing public health burden from pneumococcal disease and the concomitant rise in antibiotic nonsusceptibility among pneumococci in Scotland. It is clear that this burden cannot be eliminated by the utilization of antibiotics alone. Polysaccharide or new conjugate pneumococcal vaccines in high-risk individuals remain the most effective preventive measure to reduce disease and control the spread of resistant isolates. Continued surveillance of the incidence of pneumococcal disease, serotypes\groups distribution and antibiotic susceptibility continue to be essential to inform policy and decision making to reduce the burden to the public health.
